In a lo-year survey started in 1980, specimens from 8,995 bovine abortions and stillbirths were submitted to the South Dakota Animal Disease Research and Diagnostic Laboratory. Of these, 8,962 were suitable for some type of examination. Viruses were associated with 948 (10.58%). Bovine herpesvirus-1 (IBR) was detected in 485 (5.41%), and bovine viral diarrhea virus (BVDV) was detected in 407 (4.54%). In 1 year of the survey, BVDV was detected in 8/32 fetuses that had lesions of passive congestion. Bovine herpesviruswas isolated from 47 specimens (0.52%), parvovirus and enterovirus were each isolated from 2, and adenovirus, Parainfluenza virus, and pseudorabies virus were each isolated from 1. Malignant lymphoid neoplasia was present in 2 fetuses, and their abortion was assumed to have been caused by the bovine leukosis virus.
The materials and methods and a summary of the the cows were susceptible to the virus. In some incombined results of the diagnoses from all other causes stances, IBR abortions occurred when calves vacciof bovine abortion and stillbirth during this lo-year nated with the modified live vaccine were turned back survey have been published recently. 13 Of the speciin with their pregnant dams. However, vaccinated mens received from 8,995 bovine abortions and stillcalves were never proven to be the source of infection births, 33 were unsuitable for any type of examination. in these cases. 19 In this article, the viral agents identified in the re-IBR abortion outbreaks occurred frequently in herds maining 8,962 aborted and stillborn bovine fetuses are isolated from other cattle and with no history of the discussed along with the associated lesions and synintroduction of new animals or the use of live vaccines. dromes.
The IBR virus becomes latent in naturally infected
Results
animals and those that have been vaccinated with some modified live vaccines. 29 Some of these abortion out-The results of virologic examination of specimens breaks with no obvious source of infection may have from 8,962 aborted or stillborn calves are summarized resulted from recrudescence of the virus from these in Table 1 . latent infections.
Discussion
Abortions caused by the IBR virus usually occurred without other clinical signs of IBR virus infection. Most Infectious bovine rhinotracheitis virus IBR-infected fetuses submitted to the laboratory were Bovine herpesvirus type I, the cause of infectious ≥6 months of gestation. The various degrees of aubovine rhinotracheitis (IBR), was first reported as a tolysis present in these aborted fetuses indicated they cause of bovine abortion in the USA in 1957. 4 In the had been dead 48 hours to 1 week before they were early years of this survey and during a previous survey expelled. The tissues were a uniform dark red because conducted 1968-1972, herds with abortion epidemics, of imbibition of hemoglobin from hemolyzed erythin which ≥50% of the cows aborted because of this rocytes, a common, nonspecific postmortem change. virus, were frequently encountered. Of the 808 abor-The quantity of serosanguineous fluid present in the tion cases examined in 1971, 197 (24.4%) were caused body cavities varied with the length of time the dead by the IBR virus. 14 Some of these abortion epidemics fetus remained in the uterus. This fluid migrates from resulted from the inoculation of pregnant cows with a the tissues to the fetal body cavities for the first 2-4 modified live intramuscular IBR vaccine. 27 No major days after death and then is gradually resorbed by the problems arose when the vaccine was used in herds in dam through the uterus . 6 Frequently, a collection of which the majority of the cows were immune, but its what looked like clotted blood surrounded the kidneys. use was catastrophic in herds in which the majority of This substance appeared to be a mixture of fetal fluid, hemoglobin, and necrotic tissue from the cortex of the kidney. Its presence is not necessarily characteristic of minute (< 1.0 mm diameter) white spots on the lungs and liver that microscopically corresponded to necrotic foci. There were no pathognomonic gross lesions. IBR virus infection was occasionally detected in completely mummified fetuses that apparently were infected during the first 2 trimesters of gestation.
Histologic examination consistently revealed multifocal, coagulative necrosis in the liver, and this lesion was occasionally present in the lymph nodes, lungs, kidneys, and placenta. l1, 35 The hepatic lesions are virtually pathognomonic in aborted bovine fetuses. The liver lesion was usually discernable even when autolysis was extensive. The fluorescent antibody test (FAT) using specific anti-IBR-virus-antibody conjugate on frozen sections of kidney was very reliable. False-negative results occurred frequently when the test was applied to tissues other than kidney.
The IBR virus could be isolated from only about 33-50% of the fetuses shown by other means to be infected. This virus was isolated more consistently from the fetal placenta than from fetal tissues. Rarely, fetuses apparently infected in the last few days of gestation were stillborn or born alive but died within hours. Frequently, lesions were not evident, and the result of the FAT was negative in these calves. Virus isolation was useful in diagnosing these late infections, otherwise it was of marginal usefulness.
The prevalence of IBR abortion in the geographic area covered by this survey appears to have decreased about 50% over the past 20 years. 13 When diagnostic efforts disclosed the seriousness of the problem in the region, vigorous information programs for veterinarians and producers were initiated by the South Dakota State University Extension Department. Vaccination of all open brood cows and safe use of modified live vaccines were encouraged. At the same time, safer effective vaccines became available. These efforts appear to have reduced the prevalence of the problem. Vaccination after IBR abortions had started in a herd, i.e., vaccinating in the face of an outbreak, often was not effective. Experimentally infected cows aborted in 23-52 days, 11 but because the number of organisms in a natural exposure is likely to be much smaller than in an artificial exposure, the time from natural infection to abortion may be > 2 1/2 months. Because of this extended incubation period and the rapidity with which the infection spreads within a herd, most susceptible cows become infected before the first abortion occurs. Vaccination of these infected cows does not change the course of the infection; abortions often continue for weeks and can be a source of misunderstanding between herd owners and veterinarians if owners are not forewarned of the probabilities.
Bovine viral diarrhea virus (BVDV)
Review of the 1974-1979 annual reports from the South Dakota Animal Disease Research and Diagnostic Laboratory (SDADRDL) reveals that BVDV was associated with only 23/4,884 (0.47%) bovine abortions examined during this period. In 1980, the first year that was included in the present survey, BVDV was found in 22/ 1,163 (1.89%) abortions, a 4-fold increase over the preceding 6-year average. In 1981, BVDV was associated with 59/1,144 (5.15%) abortions. In this year, a scours vaccine contaminated with BVDV was used on many pregnant cows in this geographic area 17 and resulted in, at least in part, a dramatic increase in abortions caused by BVDV. However, the prevalence of BVDV-associated abortion averaged 4.87% during the remaining 8 years of this survey, with a high of 6.27% in 1986 and a low of 3.24% in 1982. Although isolation techniques gradually improved over the years, 13 no major changes in the diagnostic methods for BVDV were made during the period of the greatest change in the percentage of BVDV diagnoses. Therefore, the increase in prevalence appears real and not a consequence of improved diagnostic methods.
Contemporary diagnostic results indicate that the virus is a major cause of bovine reproductive failure. Not only is it a direct cause of abortion and stillbirth, but by reducing a pregnant cow's immune response the infection may be a predisposing factor to abortions caused by opportunistic infections by fungi and environmental bacteria. 26 In this IO-year survey, BVDV was present in up to 33% of the abortions caused by such organisms as fungi, Actirtomyces pyogenes, and Bacillus sp. 12 Fetuses aborted because of BVDV infection were not uniform in appearance. Mummified fetuses, neonates that died soon after birth, and all conditions between these extremes occurred. Numerous gross fetal lesions, including alopecia, cerebellar hypoplasia, and opacity of the lens and/or cornea, have been associated with BVDV infection. 1, 8, 9 In this 10-year survey of abortions tently infected cattle are immunotolerant to the specific and stillbirths, these lesions occurred rarely. More of-strain of BVDV that infects them, they can produce ten, BVDV-infected calves were stillborn at or near BVDV antibodies if they are exposed to another strain term, apparently fully developed but only 50-66% of normal body size and weight. either by natural infection or by vaccination. 2 Therefore, the absence of BVDV antibodies is not a reliable criterion for identifying persistently infected animals. Frequently fetuses from 6 months to full term were presented with lesions suggesting chronic passive congestion, including a greatly enlarged, nodular liver; large Bovine herpesvirusamounts of straw-colored or blood-tinged ascitic fluid; and an enlarged, flabby heart. Microscopic liver lesions Bovine herpesvirus type 4 (BHV-4) (DN-599, Moincluded fibrosis and dilated sinusoids, and occasion-var 33/63) was isolated from 47 (0.52%) aborted calves ally there was mild, nonsuppurative myocarditis. In 1 ( Table 1) . The virus appeared to be associated with
year, BVDV was detected in 8/32 aborted calves with sporadic rather than epidemic abortion. The exact role these lesions of passive congestion. Passive congestion that BHV-4 plays in cattle diseases is not known. It was present in at least 1 calf aborted because of ex-has been associated with several disease conditions in perimental BVDV infection. 28 Fetal BVDV infection cattle, but its etiologic role in these conditions has not apparently is a common cause of this syndrome. been established. A Minnesota survey showed that 17%
Most fetuses aborted because of BVDV had no or of clinically normal cattle had antibodies to the virus, very subtle microscopic lesions. Often, there was mild and 5/420 aborted calves had antibodies to BHV-4 in nonsuppurative vasculitis of the placenta and fetal or-their thoracic fluids. There was also a higher prevalence gans. The lesions often were masked by autolytic of BHV-4 antibodies in herds with reproductive probchanges. lems than in normal cattle. 22 This virus has been iso-Bovine fetuses are capable of producing antibodies lated from tissues of aborted calves and from the vagito BVDV after about 160-200 days gestation. 3 The nal discharges of cows with metritis and embryonic presence of specific BVDV antibody in fetal serum or death. 23 Experimental evidence indicates that this vibody cavity fluid is evidence of a prenatal infection, rus is unlikely to cause abortion of fetuses infected after but the serum neutralization titer that can be consid-4 months of gestation. In these experimental infecered significant is difficult to determine. 15 In the system tions, fetal lesions were nonspecific and mainly conused at SDADRDL, titers < 1:40 seem of doubtful sisted of lymphoreticular activation and increased celsignificance, but allowances must be made for differ-lularity in the lungs, brain, and liver. 10 At SDADRDL, ences in laboratory serologic techniques. Although se-the virus was isolated from the placenta of a calf inrologic examination of the fetus may aid in diagnosing oculated in utero at 7 months of gestation and born BVDV infection, the presence of fetal antibody may normal (unpublished data). Fetal calves produce aninterfere with isolation of the virus. tibodies to this virus, but the exact age at which they Investigations (including virus isolation from nasal become immunocompetent has not been established. and reproductive tract swabs and from blood) of sev-Like most herpesviruses, BHV-4 causes latent infec-era1 herds that had BVDV abortions revealed mucosal tions. 16 In 1979 this virus and a cytopathic BVDV disease, BVDV-associated reproductive problems, and were isolated from a fetus aborted at about 6 months persistently infected animals in vaccinated and un-gestation. 25 vaccinated herds. Persistently infected neonatal calves bought as replacements for dead calves (and in 1 case Miscellaneous viral infections for a child's club project) were the most common In 9 cases, viruses not commonly associated with sources of herd infections (M. L. Vickers and J. U. bovine abortions were detected. Thomson, personal communication). The infection can Parvovirus. Parvovirus was isolated from 2 aborted also be introduced by semen from a persistently in-calves. One calf was aborted alive at about 7 months fected bull. 21 Using persistently infected heifers as re-gestation and lived a few hours. This abortion occurred ceptors for embryo transplants can cause expensive in a herd that had had severe infertility and abortion problems because those that conceive and do not abort problems over the past several years. Previous inveswill produce persistently infected calves. 20 Because most tigations indicated the probable involvement of Leppersistently infected animals die young, animals <3 tospira interrogans serovar hardjo, but a positive diyears old are more likely to be persistently infected agnosis was never made. Necropsy revealed only an than are older cattle. At present, the only reliable means of detecting persistently infected cattle is by virus isolation from whole blood or serum. Although persis-abnormally small thymus. vealed cortical atrophy of Histologic exami the thymus and nation revasculitis and peribronchial lymphoid hyperplasia of the lungs.
Fetal thoracic fluid had a microscopic agglutination hemolytic streptococci. These bacteria were considered titer of 1:10 for leptospira serovar pomona. This titer insignificant. Three other abortions had occurred in is of questionable significance, 15 and there were no oth-the herd in the previous week, but they had not been er significant results.
investigated. The size of the herd was not given. Parvovirus was also isolated from a fetus about 7 months gestation that was born alive and died soon after birth. Three other abortions had occurred in this herd of 120 cows that season, and there had been about 15 abortions the season before with no diagnosis made. There were no significant gross lesions, but histologic examination revealed mononuclear vasculitis of the myocardium. Results of other examinations were insignificant.
Research results indicated that fetuses in the first 2 trimesters of gestation were not the most susceptible to infection with parvovirus, and infected fetuses produced strong im mune reactions. 31 Fetal lesions were discussed. A high proportion of adult cattle had hemagglutination inhibiting antibodies to parvovirus, which would prevent fetal infection.
Enterovirus. Enterovirus was isolated from an
aborted fetus from each of 2 herds. One near-term calf was born alive but moribund. It had a mummified twin that appeared to have died at about 5 months gestation. No gross lesions were seen, but microscopic examination revealed mild, patchy necrotizing placentitis. There were no other significant results of examinations.
No other abortions in the herd were reported.
Enterovirus was also isolated from tissues received from another aborted calf. The gestational age was not given. Histologic examination revealed suppurative bronchopneumonia but no other significant findings. No diagnostic efforts were made on 6 other abortions that occurred in this herd of 200 cows.
The enterovirus in the second of these two cases seems of doubtful significance. The lung lesion is more indicative of bacterial than viral infection. However, the virus may have played a primary role in the abortion of the twin calves. Virus infection of fetuses often results in mummification, and the placental lesion could have resulted from a virus spontaneous or experimental infection. No bovine aborti reports of ons caused by enterovirus were found. Serum from numerous aborted calves inhibited hemagglutination by enterovirus. 7 However, the report gave no indication that any of the calves had lesions, and the inhibition was possibly due to nonspecific substances rather than specific antibodies in the serum. 34 Adenovirus. Adenovirus was isolated from tissues submitted from a fetus with an indicated gestational age of 8 months. The tissues were severely autolyzed, and no lesions were found. Culture of the stomach contents produced a heavy mixed bacterial growth that included Pseudomonas sp., enteric bacteria, and alpha Direct inoculation of 3 third-trimester bovine fetuses with type-7 adenovirus caused 1 stillbirth and birth of 2 weak calves. Vasculitis and perivasculitis occurred most consistently. 30 Adenoviruses have been associated with pneumonia and diarrhea of calves, but no reports of spontaneous abortion cause by adenovirus were found. The significance of the adenovirus in this abortion is unknown.
Pseudorabies virus. A herpesvirus was isolated from
the tissues of a 5-month bovine fetus. The virus reacted with pseudorabies virus-specific antiserum. The fetus was not autolyzed and had no apparent gross lesions. Histologic examination revealed chronic interstitial pneumonia and mild degeneration of the epithelium of the convoluted tubules of the kidney. Diagnostic work was not done on 2 other abortions that occurred in the previous 2 weeks in the herd of 100 cows. Neither illness nor death of adult cattle was reported, and it was not know if there had been contact with swine. The 3 cows that aborted had 1:4 serum neutralization titers to pseudorabies virus. The significance of these titers is unknown. Because the results were so unusual, the tissues were recultured, and the virus was again isolated.
Because pseudorabies virus infection in cattle is usually swift and deadly, it is not generally considered a probable cause of abortion. The lesions is this fetus are compati that the ble wi virus th a viral infection was isolated from t There is one report he tissues of a fetus taken from a cow killed for diagnostic purposes. 5 This incident provides firm evidence that the virus is transmitted through the placenta; however, the cow had signs of the disease for 8 days prior to death.
Parainfluenza-3 virus. Parainfluenza-3 (PI-3) virus
was isolated from 1 aborted calf; however, records for this case were not available for review. The PI-3 virus has also been isolated from an aborted calf in Ohio. 28 Abortion and necrotic bronchiolitis have been produced by direct intrauterine inoculation of bovine fetuses, but fetal infection was not caused by inoculation of pregnant cows that had antibodies to the virus. 32, 33 Because most of the adult cattle in this area have PI-3 antibodies, this virus is not likely to be a major cause of bovine abortion.
Bovine leukosis virus. Lymphosarcoma was diag-
nosed in a fetus from each of 2 herds. Only tissues were submitted from 1 near-term calf. There was severe generalized portal infiltration by mononuclear cells in the liver and moderate atrophy of the thymus. There had been 2 other abortions in the herd of 225 cows in the previous 2 weeks, but no diagnostic efforts had sponse of bovine fetus to bovine viral diarrhea virus. Am J Vet been made. Res 34: 1127 Res 34: -1132 In another case, a calf aborted at about 8% months gestation had greatly enlarged peripheral lymph nodes and an enlarged, nodular liver. Microscopic examination revealed multifocal accumulations of lymphocytes in the liver, kidney, and lung. Four other abortions that had occurred in this herd of 200 cows had not been investigated. Because the bovine leukemia virus was not demonstrated in these fetuses, these abortions could have been caused by noninfectious tumors. However, several reports of fetal lymphosarcoma indicate that some of the affected calves were from cows that also had clinical signs of the disease. 18 Although this situation is not universal and the clinical condition of these 2 particular cows is not known, the fact that cows with clinical lymphosarcoma sometimes have calves that are also affected and the fact that transplacental infection of the fetus by the bovine leukosis virus is known to occur 24 provide strong evidence that, at least in some cases, the fetal disease is caused by the virus. Therefore, these 2 cases were presumed to have been caused by the bovine leukemia virus.
Summary
Results of this survey indicate that the IBR virus followed by the BVD virus are the 2 most significant viral causes of abortion in the geographic area covered by the survey. BHV-4 is a rather distant third in prevalence, but it may cause infertility and/or early abortions that go undetected and are not submitted for diagnostic purposes. None of the other viruses detected in the survey was a significant cause of abortion in the geographic area.
